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Geometry of the Three Kirigami Patterns for Lithium-Ion Batteries (LIBs)
In order to ensure the quality of the packaging, specifically, no short between anode and cathode, and large areal coverage, the following geometries were used to produce the three kirigami batteries with these three patterns, namely, zigzag-cut, cut-N-twist, and cut-N-shear patterns. The annotation shown in the Fig. S1 is the size of the current collector with electrode materials. For the LIB stack, the size of the separator is 1mm larger than that of the current collector at each edge to ensure the separation of the two electrodes and the size of the package materials is 2 mm even larger than that of the separator at each edge to ensure the film sealing of the battery. S4b shows that a LIB using cut-N-shear pattern can be stretched up to 150% by using the most compact state (Fig. S4a) as the reference. Meanwhile the thickness change, from 4.30 mm at the most compact state to 2.7 mm at the most stretched state is noticeable. Figure S4c shows the electrochemical cycling results of a LIB using the cut-N-shear pattern at its Figure S4d shows the cyclic stability of the LIBs up to 20 cycles. Figure S4e shows the excellent rate performance of this kirigami battery when the charge/discharge rate varied in the sequence of C/3, C/2, C and C/3 again at both compact and stretched state. Figure S4f provides the results for electrochemical impedance spectroscopy (EIS) studies during the first discharge cycle at the most compact state before stretching and stretched state after 100 cycles of stretching. No significant changes in the impedance were found.
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Then the mechanical characteristics of the fully charged kirigami LIB using cut-N-shear are examined. As shown in Fig. S4g , at different stretchability, the output voltage remained steady at 3.87 V. Supplementary Movie S2 shows the dynamic process of this deformation. Figure   S4h shows the maximum output power of the kirigami LIB as a function of stretchability, stretch ε , under different cycles of stretching. The internal resistance of the battery is measured to be about 1.5 Ω. Over 3,000 stretching cycles and up to a stretchability stretch ε of 83 %, there is insignificant decrease of the power. The maximum output power is 4.7 W and is sufficient to operate commercial light-emitting diodes (LEDs). As shown in the Supplementary Movie S2,
LEDs driven by this kirigami LIB do not show noticeable dimming upon cyclic stretching.
Ultimate tensile strength of LIBs using cut-N-shear pattern 11.5 MPa with load frame
Instron-Model 4411.
Figures S4i and S4j show the scanning electron micrographs (SEMs) for the anode current collectors (e.g., Cu foil) at the cuts before charging, and after discharge and 100 cycles of mechanical deformation. The similar SEM images are given for the cathode current collectors (e.g., Al foils) in Figs. S4k and S4l. There are no cracks after cyclic mechanical stretching. Cycle of stretching rate. The mass accounts for all the materials involved in a cell, which is 2.98 g. (e) Rate performance when the charge/discharge rates varied from C/3, C/2, to C, and C/3 again for both compact and stretched states. When discharge rates increase, as expected, the capacity decreases from 73.2 mAh for C/3 rate to 66.5 mAh for C/2 rate, and 56.6 mAh for discharge rate C. However, the capacity recovered to the 70.8 mAh when the discharge rate resumed to C/3 after 30 cycles charge/discharge at the both compact the stretched state under varies C-rates, which indicates excellent rate performance of this kirigami battery. The mechanical characteristics of the fully charged kirigami LIB using zigzag-Cut are then examined. Figure S5g shows that at different stretchability, the output voltage remained steady at 3.86 V. Supplementary Movie S3 shows the dynamic process of this deformation. Figure   S5h shows the maximum output power of the kirigami LIB as a function of stretchability, stretch ε , under different cycles of stretching. Here the internal resistance of the battery is measured to be 14 about 1.7 Ω. Over 3,000 stretching cycles and up to a stretchability stretch ε of 35%, there is no obvious output power decay. The output power of 4.7 W is sufficient to operate commercial light-emitting diodes (LEDs). As shown in Supplementary Movie S3, LEDs driven by this kirigami LIB do not show noticeable dimming upon cyclic stretching. Ultimate tensile strength of LIBs using zigzag-cut pattern is 10.8 MPa with load frame Instron-Model 4411.
Figures S5i and S5j show the scanning electron micrographs (SEMs) for the anode current collectors (e.g., Cu foil) at the cuts before charging, and after discharge and 100 cycles mechanical deformation. The similar SEM images are given for the cathode current collectors Cycles of stretching Coulombic efficiency (right axis, red) as a function of cycle number for C/3 charge/discharge rate. The mass accounts for all the materials involved in a cell, which is 2.10 g. (e) Rate performance when the charge/discharge rates varied from C/3, C/2, to C, and C/3 again for both compact and stretched states. When discharge rates increase, as expected, the capacity decreases from 52.7 mAh for C/3 rate to 50.1 mAh for C/2 rate, and 43.8 mAh for discharge rate C. However, the capacity recovered to the 51.7 mAh when the discharge rate resumed to C/3 after 30 cycles charge/discharge at the both compact the stretched state under varies C-rates, which indicates excellent rate performance of this kirigami battery. 
